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' ' (57) AdlspenserdOfordeliveringabe- . 
neficial agentformulatlon (18) to a 
^ ''warm,fluldenvlronmentof usecom- 
'^^ pHses an outer semipermeable wall (12) 
surrounding and laminating an inner 
hydrophilic, swellable wall (1 5) which 
defines an interior space (14) for con- 
taining a thermo-responsive beneficial 
agent formu iation. A passageway (1 3) 
.-.^^i^g^ through the semipermeable wall con- 
^ ^nectsthe exterior of the dispenser 
through an opening in the Inside wail 
with the interior of the dispenser. The 
- drug composition contained in the dis- 
?'**penser preferably melts at body- 
temperature. The inside wall (1 5) may 
be formed of a hydrogel polymer eg. 
poly- (hydroxy alkyi met hacry late). The 
outerwall (12) may be a oellulosic 
polymer such as an ester or ester-ether. 
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SPECIFICATION 
W^^. Dispenser for delivering thermo-responsive compositioh 



5 This invention pertains to both a novel and useful dispenser. More particularly, the invention relates to an . 5 
osmotic dispenser for delivering a thermo-responslve composition containing a beneficial agent at a;<' * 

- control led rate to an environment of use over time. • V 
..^^•T^^ ^ Dispensers for delivering a beneficial agent to an environment of use are known to the dispensing art. For 

..■it^^i!?^t^^-v example. United States Pat. No. 3,760,984 issued to patentee Theeuwes discloses a dispenser consisting of a 
vJ^l^^^^^^'^iO* heat shrinkable container carrying on its outer surface an osmotic solute and a distant layer of a polym er 10 
. permeabletofluid.Thedispenserhasaplugforfiltingthecontainer.Thedispenseris powered byfluid being 

. ' : , * .» r: imbibed Into the dispenser, Wherein it dissolves the soluto, thereby forminga solution that exerts pressuro 
vr4^^1^^jM|^.|caga^^^ causing It to shrink and deliver agent froni the dispenser. In United States 

) ^f^.' '7^^rp^^ 3,8iS5,1 08 patentee Hartop discloses a dispenser consisting of an in ner col lapsable tube containing a 

15 medlcamentdisposedinabasememberformedofaswellablematerlal.Thedispenserdeliversthe ^ ' 15 
medicament by the base and parts absorbing fluid from the environment thereby expanding and squeezing 
the collapslbietube causing the medicine to be expelled from the tube. In United States Pat. No.3,971,376 
patentee Wichterle discloses a dispenser consisting of a capsule having unitary walls formed of across-linked 
.^:r^v gel that Is swel labia in fluids. A textile fabric is imbedded In the material for imparting strength and 
.^^^^teWJ£^^^20 minimizing problems due to poor mechanical properties associated with the material that show thernselves 20 
** f^-^^'^ ' duringflulduptakeusedtopowerthedlspenser.lnUnitedStatesPat No.3,987,790,patenteesEckenhoffetal 
disclose an improvement in an osmotic dispenser consisting of a conduit for filling a bag in the dispenser. The 

- dispenserispoweredby an osmotically effective solute imbibing fluid into the dispenser, which imbibed fluid 
^^M-^ generates hydraulic pressure that is applied against the bag, causing it to squeeze inwardly forcing agent 
''25 from the dispenser. In UnitedStates Pat. No. 3,995,631, patenteesHiguchietal discloses bag bearingonits 25 

outer surface a layer of an osmotic solute, and a distantwall formed of a material having part control led 
permeability to fluid. In operation, a solution Is formed of the solute, which solution squeezes the bag thereby 
causing delivery of the agentfrom the bag. In United States Pat. No. 4,320,758 patentees Eckenhoff etal 
- . disclose a dispenser consisting of a flexible bag, a sleeve made of a dispersion of an osmotically effective 
-^-30' solutein a soluble polymer,and an outerwall permeable to fluid. Thedispenserdeiivers drug by thesleeve 30 
Imbiblngwaterintothespacebetweentheouterwallandthe bag, thereby exerting hydraulic pressure on the 
* r*^ ^ bag, which pressure causes the bag to be squeezed and delivers drug from the bag. 

While the above dispensers are useful for delivering numerousagentstotheenylronmentof use, and while 
V the dispensers represent a commercial advancement In the dispensing art, itwill be appreciated by those 
V «.-V^3^j^^^^ skilled In the art that there are instances where a dispenser made with an inventively novel Improvement 35 
^ ' wouldalsoenjoywidecommercialuseandapplicatlonlnthedispenstngart For example, if a dispenser is 
made without a flexible bag and without a fabric member, thereby providing an improvement in the ' 
dispenser by reducing the number of steps and parts needed to make the dispenser, such a dispenser would 
have immediate acceptance, and it would also represents major advancement in the art'Likewlse, if a* 
40 dispenseris provided that overcomes the prior art dispenser limitation of delivering agents only in solution or 40 
-^^^^^^ suspension forms, by the dispenser now del ivering agents that are soluble or insoluble In fluid, semisolid or 
......•^--.ibrffflS?*''^^^ like forms, such a dispenser would enjoy Instant appreciation and also represents valuable contribution 

in the fields of science, medicine and commerce. 



15 uojeasoTinoinvonuon * « » ' 

^ >: Aboordingly;itisan immediate object of this invention to provide a dispenser for delivering beneficial 
agents In all forms to environments of use, with a novel dispenser that represents an improvement In the 
dispenserart ! . - ^ :* . 

Anotherobjectofthe Invention lstoprovideadlspenserthatlsself-contained,self-starting,and.i ; ^ 
50 self-powered in fluid environments. Is easy to manufacture, and can be used for dispensing beneficial agents 50 
to animals. Including humans, and to other biological and non-blologlcal environments of use. 
^.^^^^trAnother object of the invention is to provide a dispenserthat can house a thermo-responsive, hydrophobic 
^^^^ ^ composition comprising insolubletosolubledrugs,andwhichthermo-responslvecomposltlon In response 
tothetemperatureofablologicalenvironmentchangesltsformandbecomesfluid,semisolid,orthelikefor 
1 55 enhanced delivery from the dispenser. .1 

' : , • Yet another object ofthe Invention Isto provide a dispenser comprising a lumen containing a 

semipermeable wall surrounding the member and the lumen, and a dispensing passageway, and which 
dispenser delivers the composition by the combined physical-chemical operations of the composition 
00 melting and becoming fluid to semisolid or the like, thecomposition maintaining an immiscible boundary at 60 
the expanding member interface, and the expanding member swelling to displace an equivalent amount of 
composition from the dispenser. I 
.-.*swj«5tJi«& Yet another object of the invention istoprovideadispenserthatisempty until filled with a solid 
..^^ J!^ o*^^ t^rcomposltionthatliquiflesatelevatedtemperatures,andwhenfllled can administerthe composition that 

r '^" 05 ||qulflesasacompletepharmaceutlcaldosagereglmenfbraperlodoftime,theu8eofwhichrequlres 05 
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intervention only for the Initiation and the termination of the regime. ' ^* ^"^''^'--i^ 

Yet another object of the invention is to provided dispenser that can deliver beneficial drugs contained InV 
'.thermo-responsive, lipophilic pharmaceutically acceptable carrlerthat melts In the presence of thermal 
, .^f^^'^energy into a dispensable composition that is In nocuous thereby substantially avoiding mammalian tissue 

''^'t^li^T?^ Is to provide an osmotic dispenser containing an eutectic com position 

' • 4 formed of at least two components and at least one drug, which eutectic composMon has a melting poi 

- approximately thesameasthetemperatureof a warm blopded animal, and Is dispensed from the dispenser 
^.«^^^^S^^^^othean!malatsaidtemperature. \. v ; . ; . i 

10 -"^ Yet another object of the invention is to provide a dlspenserthat can house a thermo-responsive 10 
hydrophiliccomposltlon comprising insoluble to soluble dmgs, and which thermo-responslvecomposFtFon 
in response to energy input accompanying a biological environment of use changes Its form and bTCorn 
dispensableforoperativedeliveryfromthedlspenser. ' /^'^ ^^'"^^ "^y- 

~~ Yet another object of the Invention Is to provide a dispenserthat includes a beneficial agentthatis 
' 15 ' chemically unstable In an aqueous environment and can be housed in the dispenser In a no , 15 

-t^^,^iSS^AC^^sP®"s*"9 carrier, which agent Is shielded in the nonaqueous carrier during delivery from the dispenser. 
- > Other objects, features and advantages of the Invention will be more apparentto those skilled Inthe 

^ - ^ dispenslngartfrom.thefollowing detailed description of thespeclflcation, taken Inconjunctfonwiththe 

■ ' drawings and the accompanying claims. , 

Av-»4?5si;^^|^.^|^.^^^^^ ^ . . . .... :^ 20 

' Brief cfescriptlon of the drawings 

in the drawings, which are not drawn to scale, but are setforth to illustrate variousembodiments of the , 
invention,thedrawingfiguresareasfoilow8: , K;; '3*'^ • 

f^igure / is a view of a dispenser desfg ned and manufactured for orally administering a benefipial drug to a 
25 -warm-blooded animal; . - . • 25 

' Figure 2 is an opened view of the dispenser of Figure 1 through 2-2 of I=igure 1 for illustrating the internal 

^;:::i:i!2^!;^%)mpartment and the thermodynamic members f orming the device manufacture as an integral dispenser; 
- - 3'> ' ' Figure 3 IS an opened view of the dispenser of Figure 1 depicting the compartment of the dispenser charged 
. : ' with a temperature-sensitive composition containing a beneficial agent; 
. ' ' i 30.; F/gure 4 is a view of the opened dispenser of Rgure 3 illustrating the expansion of a driving member used 30 
^•Mf*4^.^^4^fbrdellveringabeneficialagentfromthedispenser;t ' ' ' ' 

F/Sure5is an opened view of Figure 1 depicting a closure member in the lumen of the dispenser; 
/v&are^depictsanembodimentoftheinventlonwherelnthemembersformingthedlspenserarein ■ \^ 
concentric arrangement; ; ^ 

35 i^^igure /depicts an embodiment of the Invention wherein the membersforming the dispenser are in partial 35 
circula r sector arrangement; 
^TFigureSdeplcts an embodiment of the invention wherein the membersforming the dispenser are in - 
parallel arrangement; 

Figure 9 depicts an embodiment of the invention wherein the membersforming the dispenser are in a 
" * 40 pocket arrangement; ... 40 

^ f7^a/©y(?isaflowdlagramofthreemanufacturingprocessesusedtomakethedlspenserprovldedbythe 
^■•'^^^^^#?Hiwention;^ -.r ... - ■ ..^ t . ... 

F/flru/B7flsagraphthatiiiustratestherateofreleaseperhourfromadIspenser;and, - 7 
Figure 72 is a graph that Illustrates the total amount of heat-«ensitiVe com position delivered from the . ^ . 
45 dispenser. . » , . , * »■ ^ > * t/:*,; u :: ^ , j. c - 45 

Inthedrawlngsandthespeclficatlon, like parts in related Figures are identified by like numbers. The terms 
.Appearing eariier In the specification, and in the description of the drawings, as well as embodiments thereof, 
^^reKirtherclescribedelsewhere in the disclosure. . 

SO Detaiied description of tiie drawings 50 
. ' Turning nowtothedrawingsindetail,whlchareexamplesofnewandusefuldispensersfordispenslnga 

c -J;^2». 3i beneficial agent and which examples are not to be construed as limiting, one example of a dispenser is 
'"^^r^^#Seplcted In Figure 1 by the numeral 10. In Figure 1, dispenser 10 is seen comprising a body member 1 1, having 
awall 12 and a passageway 13ln wall 12 that connects the exterlorwtth the Interior, as seen in i=Igure2,of 
55 dlspenserlO. ^-^^ * ' H»-'> 55 

Figure2isacross-sectionalviewof Figurel deplctingdispenser10comprislngbody11,wall12that u 
- surrounds an Internal compartrhent 14 and a passageway 1 3 In wall 1 2 that communicates compartment 1 4 
^^withtiie exterior of dispenser 10. Wail 1 2 is formed of a semipermeable polymeric wall forming composition 
;,^ff^^thiit iiTguhgtantially permeable to the passage of external fluid, and it is substantially impermeable to the 
f!^^;GO passage of a beneficial agent and other Ingredients contained In compartment 14. Wall 1 2 is non-toxic and It 60 
maintains its physical and chemical integrity during the life of dispenser 1 0. 
Compartment 1 4 houses also a layer 1 5 of an expandable driving member that Is In contact with the inside 
ifc surface of wall 1 2 Jnterlor layer 1 5 partially surrounds compartment 14, except f 
^^-^paced apart ends 1 7 of layer 1 5. Interior layer 1 5 has a shape that corresponds to the shape of semipermeable 

fiS wall 12 and compartment 14. layer 15 Is made from a hydrogel composition, noncross-llnked or optionally 65 
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cross-linked, and it possesses osmotic properties, such as the ability to imbibe an exterior fluid through 
semipermeable wall 1 2 and exhibit an osmotic pressure gradient across semlptBrmeable wal^^ 
fluid outside dispenser 10. .. ^ti ^ 

:^ ^Rgure3 depictsdispenser 10 of Figure 1, is illustrated in opened cross-sectionJ In l^gureS; dispenser 10 
^ j^^'g'a^^mbrace members described for Figures 1 and2,and itfurther illustrates dispenser 10 

^" compartment 14 a beneficial agent 1 8, identified by dots, and a thermo-responsive, 
*X!l<*:r^rf^,;?''*^?^'' heat-sensitive composition 1 9, identified by wavy lines.Composition 19 is a delivery means and a 



transporting carrier for beneficial agent 18. The beneficial agent 18 housed in compartment 14 that can be 
delivered by dispenser 10 includes agents that are from Insoluble to very soluble in both aqueous fluids and in 
^^|>5oiilP9Ph*llp medium. Thetherrnorresponsive composItIon,19, containing agent 18 homogenously or 
' "^'^^ <' heterogenously dispersed or dissolved therein. If formed in a presently preferred embodiment of an , 

anhydrous, heat sensitive, hydrophilic or hydrophobic material that exhibits solid-like properties at room 
temperature of 21^, and within a few centrlgrade degrees thereof, and exhibits a melting pointthat "^"^ 
approximatesmammal]anbodytemperatureof37*X:,andwithafewcentrigradede^reesthere^^ / 
W^'present invention uses the phrases "melting point", "softening point", or "liquifies" to indicatethe 
..iiL;S^l^^temperature atwhich the thermo-responsive composition melts, undergoesdissblutlon, or dissolves to form 
a dispensable carrier so it can be used for dispensi ng agent 1 8 from dispenser 1 0. 
' In operation, when In the environment of use having a temperature of 37X within a few degrees, dispenser 
10 delivers agent 18 by a combination of thermodynamic and kinetic activities. That is, in operation 
i^.'20 heat-sensitive composition 19 melts and forms a fiuidic, a semi-solid, or a like deliverable phase, for 
B^Ji delivering agent 1 8 through passageway 13. As com position 18 melts, fluid Is imbibed through 

semipermeable wall 12 by hydrophilic layer 1 5 in a tendency towards osmotic equilibrium, to continuously 
swell, or expand and increase the volume of layer 15 and simultaneously layer 15 expands In compartment 14 
while maintaininjg an intact immiscible boundary at the interface. Concomitantly, as layer 1 5 increases its 
25 ^volume, it applies pressure against composition 19 urging composition to decrease its voluniie. The r • 
. . jsim of compartment 14, and the melting of 

^^^^^^Tx^mposltion 19 causes composition 1 9 conte^ agent 18 to be delivered through passageway 13 to the 
* exterior of dispenser 10. Rgures 3 and 4 considered together Illustrate dispenser 1 0 in operation del ivenng 

) Z*^' ' agent 18. Rgure 3 depicts dispenser 1 0 at the beginning of an agent delivery period, and Rgure 4 depicts 
1 r' 30 dIspenser10nearingtheendofanagentdeliyeryperiod.ThemeltingofcomposItionig,andthe 

' . Immiscibiiityof composition 19 addtheexpanslonlayer15,theswellingandexpanslonoflayer15,wlth^ 
Hacobmpanying increase in volume as seen in Figure 4, along with the simultaneous corresponding reduction 
' in volume of compartment 14asseen in Figure 4, assuresthedelivery of agent 18 at a control led rateand 
continuously overtime. - ' * . / "^ri. , 

35 RgureSisan embodiment of dispenser lOof Figures 1 through 4,and it depicts additional ly a closure 20 
4hatfits into the open end of compartment 14.Closure20issized and adapted to fitsnuglylntocompartment 
44iEind it contacts the interior surface of layer 1 5. The exterior of closure 20 forms a fluid tight seal with the 



40 



"portion of the interior surface of I ayer 1 5 with which it contacts. Closu re 20, optionally cal led a pi ug, has an 
axial, central bore 21 extending completely through closure 20. Bore21 provides accessto the interior of 
dispenser 10, mainly compartment 14, forfilling compartment 14with compsition 19containng beneficial 
agent 1 8. Concomitantly bore 21 provides access to passageway 1 3 In semipermeable wal 1 1 2 for dispensing 
.composition 19containing agent 18from dispenser 10.: 

, ^^Mgures 6 and 7 depict additional embodiments of dispenser 1 0 provided by the invention, in Figures 6 and 
7, dispenser 101s made in a presently preferred process of manufacture by coextruding the structural 
45 membersformingdispenser10.inFigure6,dispenser10isiilustratedwithltsends22and23bpenedfor. . 
depicting the structure of dispenser 1 0. Dispenser 1 0 consists essential ly of a semipermeable wal 1 24 that 
. surroundsthecompleteexteriorof dlspenser10,beforeltsends22and23aredpenedforiliu8tratingthe 
, _^k,smicture of dispenser 10, a middle swellable expandable pushzone 25, and an inner thermo-responsive 

^.^•.-«taS^Si<&u^ agent reservoir zone 26. Dispenser 10 further consists of a palrof delivery orifices 27 positioned Inclosed, 

50 surrounding semipermeable wall 24 for delivering a beneflclat agent formulation from agent delivery closed 
ends 22 and 23, not seen in Figure 6. Rgure 7 depicts dispenser 1 0 comprising a semipermeable wall 28 that 
surrounds and defines the exterior of dispenser 10, and Is cross-sectioned at its ends 29 and 30 for depicting 
... internal thermo-responsive agent reservoir 31 and contacting layer of a swellable, expandable push member 
■^5^?*f>'ntpri'^32; Di8penser10 has three de 

55 reservoir31 for dispensing the beneficial agentfrom dispenser 10. One portal is positioned iri the body of 
dispenser 1 0 and the other two are positioned in the closed ends of dispenser 10. Dispenser 10 of FiguresS 
and 7 operate as described above in the environment of use. ; ;<v/, ^tii^VL^-iii. ^^^^^ - 

. - Rgure8 depicts dispenser 10 manufactured in a rectangular shape; however, itis to be understood 
—ii^k. dispenser 10 can have other shapes that are sized and adapted for use in preselected fluid environments. In 
Rgure 8, dispenser 1 0 Is opened along two of Its boundaries, 9-9, for illustrating the intemal arrangement of 
- josi-««jwrgEis.,:^i» dIspenser 10. DispenserlOcomprises a delivery orifice 35, a semipermeable wall 36, a compartment 37 
^"i^* containing a thermo-responsive composition 38 containing beneficial agent 39, and a swellable, expandable 

^ - ^ push composition 40. Dispenser 10 operated for delivering agent 39 as described above, that is, 
« ijA 3® 'Tielts in a temperature rangeof 35to41'^,and composition 40 in laminar 
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..;^„,>v^.^Ki^^^*pigyye g illustrates a dispenser 1 0 that is capable of being manufactured in various sizes for uses as a 
''''''''f;^^^^^^'-^f^^Qj^^^f^g pulmp. In the embodiment depicted, dispenser 1 0 is miniaturized for use as an Implant dispenser 
' ' 4 foradmfnlstBringabeneficlalaoenttoananimal.Dispenser10isseeninopenedviewalong8-8,andlt 

i"^^ ' V comprises ashape-retalnlng wall 41 formed in at least a part of a semipermeable material that surrou^^ 
w,ftK..->#^^;:2^^^'g^?jj^f^Q^^ pocket member 42. Pocket 42 Is an opened container having an Internal space 43 and an 5 

' ' ^'opening 50 that Is suitably closed byclosure44. Closure44has an inlet-outlet fining-dispensing hoie45 ^ 

therethrough. Pocket42contalns a beneficial agent44 and a thermoresponslve 'copier cpmposm^^ f V ' 
therefor. A passageway 49 In semipermeable wall 41 aligns with hole 45forfllllng dis^injebr 
dispensing beneficial agent46from dispenser 10. ■'^*^'''^''^'f^^^^^' V / 

10 : > While Rgures 1 through 9 Illustrate various dispensers that can bemadeaccording to the fnveiitlon, ftisto 10 
those dispensers are not to be construed as limiting the invention, as the dispensercan takea 
-^;«;iSS?^^SS^^ldev^^ beneficial agents to the environment of use. For 

- ' example, the dispenser can be made for oral use having various conventional shapes and sizes such as round 

T;' ^ " with a diameter of 3/16 Inches to 1 inch. The dispenser can be adapted for use as a buccal, implant, artificial 

, " : "^.:''i5;gland,cervlcal,intrauterlne,ear,nose,dermal,vaginal,a^^^ 15 
• '* ^'^■^^^il^iarid subcutaneous dispenser. The dispenser also can be shaped, sized and structured and adapted for 
delivering an active agent in streams, aquariums,fields, factories, reservoirs, laboratory facilities, hot 
houses, transportation means, hospitals, naval and militar/ means, veterinary clinics, riurslhg homes, farms, 
zoos,slckrooms, chemical reactors, and otherenvironmentsof use. . . , , .^j.;,^ .^.^^j^ ii -^ 

20. .. ' • ^ . '^1: ■ ■ 20 

: Detailed description of the invention 
_^;^;^ln accordance with the practice of this Invention, It has now been suprlslngly found that dispenser 1 0 can be 
^v.v^l^^i-Mo.^^ provided with a wall comprising a semipermeable material that does not adversely affect a host or animal, is 
. ■^•x^ • - - pemfieableto the passage of an external aqueous type fluid, such as water and biological fluids, while 

^ ' 25 remaining essentially impermeable to the passage of agents, including drugs, osmagents, and maintains its 25 
C' 's i ^J'tlntegrltyinthepresenceof athermotropiccomposition.The8electively,seml-permeablematerialsformlng 



Ne outer wall are substantially Insoluble In fluids, they aranontoxic, and they are non-erodible. 
Representative materialsforforming the semipermeable wail Includesemlpermeablehomopolymers, 
semipermeable copolymers, and the like. In one embodlmenttypical materials Includecelluloseestersi.^^ 1^ 
30 cellulose monoestere,celluIosediester3, cellulose trlesters,celluloseethers,andcellulpseesterHBtt)ers.i 30 

Thesecelluloselcpoiymershaveadegreeof substltution,D.S.,onthelranhydroglucoseunitfrorngreater 
_^^an 0 up to 3 inclusive. By degree of substitution is meant the average number of hydroxyl groups originally 
^ .^.«j;^^a^S3resent on the anhydroglucose unit that are replaced by a substituting group, or converted into another 
«;;Cl«--N^iu^^^ The anhydroglucose unit can be partially or completely substituted with groups such as acyl, aikanoyi, 

^ '^^ "35 aroyi, alkyi, alkenyl, alkoxy, halogen, carboalkyi, alkylcarbamate, alkylcarbonate, alkyisulfonate, 35 
\ ' . alkylsulfamate, and like semipemieable polymer forming groups. 

i^^^^i^ Thesemipermeablemateriaistypicallyincludeamemberselectedfromthegroupconsisting of cellulose 
'"^^"^^^^l^^^lal^^ cellulose diacylate, cellulose triacylate, cellulose acetate, cellulose acetate, cellulose diacetate, 

cellulose triacetate, mono-, d1- and triceliulose alkanylates, mono-, dl- and trialkenylates, mono-;, di- and . 
40 tri-aroylates, and the like. Exemplary polymers including cellulose acetate having a D.S. of 1.8 to 2.3 and an 1. 40 
acetyl content of 32 to 39.9%; cellulose diacetate having a D.S. of 1 to 2 and an acetyl content of 21'to 35%; y ' 
cellulose triacetate having a D.S. of 2 to 3 and an acetyl content of 34 to 44.8%; and the like: More'ispeclflc" 
^cellulosic polymers include cellulose propionate having a D.S. of 1 .8 and a propionyl content of 3&5%; 
. .^--...iftwij^Sifc cellulose acetate propionate having an acetyl content of 1 .5to7% and an acetyl content of 39 to 42%; cellulose 
^ ^^^^-^^^ acetate propionate having an acetyl content of 2.5 to 3%, an average propionyl content of 39.2 to 45% and a 45 
' " hydroxyl content of 2.8 to 5.4%; cell ulose acetate butyrate having a D.S. of 1 .8, an acetyl content of 1 3 to 1 5%, 

v., andabutyrylcontentof34to39%;celluloseacetatebutyratehavinganacetylcontentof2to29.5%,abutyryl 
^ content of 17 to 53%, and a hydroxyl content of 0.5 to 4.7%, cellulose triacylates having a D.S. of 2.9 to 3 such 

- ««5^f*'^!^ig^llj^l^gQ^j^gjg^^Q^ cellulose trilaurate, eel I ulose trips Imitate, cellulose trioctanoate, and cellulose 

50 tripropionate;cellulosediestershavingaD.S.of2.2to2.6suchascellulosedlsuccinate,cellulose 50 
dipalmltate, cellulose dioctanoate, cellulose dicarpylate and the like; mixed cellulose esters such as cellulose 
acetate valerate, cellulose acetate succinate, cellulose propionate succinate cellulose acetate octanoate,^^ 
• cellulose valerate palmitate, cellulose acetate heptonate, and the like. Semipermeable polymers are known in 
. -^United States Patent No, 4,077,407, and they can be made by procedures described in Encyclopedia of 
.,.^.^.,A.i:£^^^PolymerSciehceandTe^ 1964, published by Intersclence Publishers, Inc., 55 

NewYoric. - , . 

:^ „ . Additfonal semipermeable polymers Include acetaldehyde dimethyl acetate; cellulose acetate 

- " ethylcarbamate; cellulose acetate methylcarbamate; cellulose dimethylaminoacetate; semipermeable 
^hl^^J^ ' polyamides; semipermeable polyurethanes; semipermeable polysulf anes; semipermeable sulfonated 

• ^^f^^J^Qlyg^ 60 

potyanionandapoly-cationasd1sclosedinUnltedStatesPatantNo8.3,173,876;3,276,586;3,541,005; n 
3,541,006; and 3,546,142; selectively semipermeable silicon rubbers; semipermeable polymers as disclosed 
by Loeb and Sourirajan In United States Patent No. 3,133,132; semlpemieable polystyrene derivatives; > • 
^semipermeable (polysodium styrenesulfonate); semipermeable poly (vinyl benzyltrimethyl) amnnonium • 
66 -chloride; semipermeable polymers exhibiting a fluid permeability of 10"' to 10"^(oamil/cnt*.hr.atm) 65 
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' > expressed as per atmosphere of hydrostatic or osmotfc pressure difference across a semipei^ 

1 " r . ^ y ,The poly mors are known to the art In United States Patent Nos. 3,845,770; 3,91 6,899; and 4,1 60,020, and in 
xi. '^^0^^^^jis^^ and Roffr WJ., 1971, published by CRC Press, Cleveland, 

5 The materials used forforming the swellable, expandable Inner wall and the pocket, are polynrieric 5 
materials neat, and polymeric materials blended with osmotic agents that Interact with water or a biological 
fluid, absorb the fluid and swell or expand to an equilibrium state. The polymer exhibits this ability to retain a 
- "^"^significantfractlon of imbibed fluid In the polymer molecular structure. The polymere in a preferred 
...^^:^-lf^^ polymere that can swell or expand to a very high degree, usually exhibitirig a 2 to 50 fold 

w,^^^!iS^^^b volume increase. The swellable, hydrophillc polymers, also known as osmopolymerecan be noncross-linked io 
< i.: .o:. ^''^ ''^ ' or lightly cross-linked. The cross-links can becdvalent or ionic bonds with the polymer possessing theability 
: toswellinthepresenceoffluid,andwhencros8-iinkeditwillnotdlssoh^einthefluld.lhepolym 
^ .> -i;:.;;plant,anImaIorsynthetlcorIgln.Polymerlcmaterialsu8rf 
v^^^v:»fi^^^^^^^|JJ^lY(hydrdxy^ methacrylate) having a molecularwelghtof from 5,000 to 5,000,000; 

' ^^-''is' poiy(vinylpyrrolidone)havingamolecularwelghtoffrom.i0,000tp36^^ 15 
poly(electrolyte) complexes; poly(vlnyl alcohol) having a low acetate residual;'a swellable nniixture of agar 
and carboxy methyl cellulose; a swellable composition comprising methyl cellulose mixed with a sparingly 
cross-linked agar; a water-swellable copolymer produced by a dispersion offinely divided copolymer of 
: ; r^^^ anhydride with styrene, ethylene, propylene, or isobutylene; water swellable polymer of N-vlnyl 
^^^^^j,^^^^-^^ * 20 

other gelable, fluid imbibing and retaining polymers useful forforming the hydrophillc, expandable push 
' *• member Include pectin having a molecularweight ranging from 30,000 to 300,000; gelatin having a viscosity 
' : ' of 15to30mlllipoisesandabloomstrengthupto150grams;gelatinhavlngabloomvalueof I60to250; 

' V ' polysaccharides such as agar, acacia, karaya, tragacanth, alglns and guar; Carbopol® acidic carboxy polymer 

r.-fi. ^'**^^i8f^|;*^3g!5and Its salt derivatives; polyacry lam Ides; water-swellable Indenemaleic anhydride polymers; Good-rite® 25 
polyacryllc acid having a molecular weight of 80,000 to 200,000; Polyox® polyethylene oxide polymers having 
amolecularweight of 100,000 to 5,000,000; starch graft copolymers; Aqua-Keep«^acrylate polym.erevyith 
water absorbability of about 400 times its original weight; diesters of polyglucan ; a mixture of crpssTjinked 
.polyvinyl alcphol and poly-(N-vlnyl-2-pyrrolidone); zein available as prolamine; poly(ethylene glycol) having 
J3P a molecularweight of 4,000 to 100,000; and the like. In a preferred embodiment, the expandable wall is 30 
^--.«-<*«d2S?^i^ polymere and polymeric compositions that are thermoformable. Representative polymere 

■ , A^Z-^ ""^ ^^^ possessing hydrophillc properties are known in United States Pat Nos. 3,865,108; 4,002,173; 4,207,893; and 
' '^^ ' 4,327,725; and In Handbook of Common Poiymars; by Scott and Roff, published by Cleveland Rubber 

^ V * Company, Cleveland, Ohio. '"'^ 

* fenr«siNjj35- Theosmoticallyeffectfvecompoundthatcanbeblendedhomogenouslyorheterogenouslywiththe 35 



''welfable polymer, to form a push wall member, are the osmotlcally effective sol^ 

imbibedintotheswellable polymer, and exhibit an osmotic pressuregradlentacrossthesemlpermeablewall . 
against an exterior fluid. Osmotically effective compounds are known alsoasosmagents.Osmotically- 1^ 
effective osmagents useful for the present purpose Include magnesium sulfate, magnesium chlpride,'sodium 
40 xWoride, lithium chloride, potassium sulfate, sodium sulfate, mannitol, urea, sorbitol, Inositol, succrose, 40 
-r^.flly^ose; and the like. The osmotic pressure in atmospheres, ATM, of the osmagents suitablefor the invention 

^.,iteSe«^sjrSa«iii: ^w^^^^^^^ up to 500 ATIVI, or higher. 

^^^'-""^Sf^- -^^^ The swellable, expandable polymer, in addition to providing a driving sourcefor delivering a beneficial 
'.^ ' agentfromthedlspenser,furtherserve8tofunctlonasasupportingmatrixforanosmotlcallyeffectivesolute. 

Theosmoticsolutecanbehomogenouslyorheterogenouslyblendedwiththepotymertoyleldthedesired 45 
^ lalii^ expandable wall or expandable pocket. The composition In a presently preferred embodiment comprises at 
^^^4?^^*^ f leist one polymer and at least one osmotic solute. Generally, a composition will comprise about 20% to 90% 
by weight of polymer and 80% to 10% by weight of osmotic solute, with a presently preferredcomposltion 
comprislng35%to75%byweightof polymerand65%to25%bywelghtof osmoticsolute. .uj'** v^i^ou*. 
50 Theterm beneficial agent asused herein means any composition, formulation or com pound that can be 50 
dispensed to produce a pre-determined beneficial and useful result. The beneficial agents Iriclude alglcldes, 
.antioxidants, air purifiere, blocldes, catalysts, chemical reactants, cosmetics, drugs, disinfectants, fungicides, 
foods, fertility Inhibitors, fertility promotere, food supplements, fermentation agents,germrcrdes, ' 
, f '^* insecticides, microorganism attenuatore,nutrients ,plantgrowth promotere, plant growth inhibitore, 
S*.' 55 preservatlves,surfactants,sterilizatlonagents,sexsterilants,vltamln8, and other composltionsthat benefit 55 
- . theenvIrohment,surrounds,habItatsandanImals.TheagentcanbeinsolubIetoverysolubleinthe 

* • \<mT^^^ft<'h In the specification and the accompanying claims, the term drug I ncludes any physiologically or pharmaco- 
logically active substance that produces a local or systemic effect in animals. Including warm blooded mam- 
60 mals, humans and primates, avians, pisces, household, sport and farm animals, laboratory animals, and zoo 60 
animals. The term physiological as used herein denotes the administration of a drug to produce normal levels 
- and functions. The term pharmacological denotes variations in response to amounts of drug administered to . 
^J^. the hoAStedman's Medical Dictionary, 1966, published by Williams and Wllklns, Baltimore, MD. The active 
^1 dnig that can be delivered Includes inorganic and organic drugs, without limitations, those drugs that act on 

the'nervoussystem,depressants,hypnotics,sedath/es,psychlcenergizere,trahqu]IIzere,antlconvulsants, . 65 



.-...^ .^*^w,5 GB 2 182 559 A 



6 



* ^ "jpuscje relaxants, antiparkinson agents, analgesics, antMnfiammatory, anti-majariars, 

' . agiehts, contraceptives, sympathomimetics; diuretics, anti-i^arasitics, neoplastics, hypoglycemics, 

ophthalmics,etectro-lytes,d{agnostlcs,andcardiovasculardrugs.Theampuntofage^^^^ . 
pensercan befrom 0.05 ng to 20 g or more. For medical applications, the dispenser can contain yariqu^^ . 
5 amounts, for example25ng, 1 mg, 125 mg, 250 mg, 500 mg, 750 mg, 1.5 g and the like. The'djsp^ns^^^ 5 
used once, twice, or thrice dai ly; the dispenser can be used twice a week, and the like.; . ^"^7 S S^*^ ' ^' 
"sr ^fhaterm thermo-responsive as used for the purpose of this invention Includes therrriopiastic compositions 
^^xii^^^^ipajiA'e of softiening, or becoming dispensable in response to heat and hardening again when cooled. The 

. r-v.-v^.v^*- of energy in a gradient manner. These are temperature sensitive In their response to the application orwith- lO 
drawl of energy. The term thermo-responsive as usedforthe purpose of this invention In a preferred embodi- 
. . * i ;J,.C^:^^:merit denptes the physical-chemical property of a cpmposittlon agent carrier to exhibit solid, orsolid-like 
*''*^''"^*''*f^^^;^%^^ up to 34^*0, usually in the range of 20 to 33**C, and beconiefluid, semisolid,or 

viscous when disturbed by heat at temperatures from 33°C, usually In the range of 33 to 40X. Jhethermp- . 
15 responsive can-ier is heat-sensitive and it has the property of melting, dissolving, undergoing di&oluti^ ^ 15 
softening, or liquefying at the elevated temperatures, thereby making it possiblefor the dispenser to deliver ] 
the thermo-responsive carrier with the beneficial agent homogenously or heterogenously blended therein. 
.JThet*!^ - . L 

,^.,.u,.Mi^^^b^P^^^^ property of the carrier is Its ability to maintain the stability of the agent contained therein during 
' storageand during dellveryofthe agent. Representative thermo-responsivecompositionsandtheirmelting 20 

' • pointsare asfollows: cocoa butter 32-34X; cocoa butter plus 2% beeswax 35-37*'C; propylene glycol mono- 
' - ^ .\ stearateanddlstearate32-35^;hydrogenatedollssuchashydrogenatedvegetableoli3&-37.5°C;80%hydro- 
genated vegetable oil and 20% sorbltan monopaimitate 39-39.5%; 80% hydrogenated vegetable oil and 20% 
'^-^i^^poiysorbate 60, S&^TC; 77.5% hydrogenated vegetable oil 20% sorbltan trioleate and 2.5% beeswax 35-36°C; 

25 72.5%hydrogenatedvegetableoil,20%sorbitantrioleate,2.5%beeswaxand5.0%distilledwater,37-^ 25 
mono-, di-, and triglycerides of acids having from 8 to 22 carbon atoms Including saturated and unsaturated, 
acidssuch as palmiticstearic, oleic, !ineoIic,linolen!candarachidonic; triglycerides of , ^ , r& ;i> ^< ^* ! 

- saturated fatty acids with mono- and diglycerides S^-dS.S't^; propylene glycol mono- and disteartes33-34°C; 
..^partiajiy hydrogenated cottonseed oil 35-39°C; hardened fatty alcohols and fats 33-36*'C; hexadienol and 

^.£^30^ hydrous lanolin triethnolamine g lyceryl monostearate 38°C; eutectic mixtures of mono-, di-, and triglycerides 30 
35-39°C; Witepsol® #1 5, triglyceride of saturated vegetable fatty acids with monoglycerldes SS.S-SS.SX; 
* WitespoI®H32freeof hydroxylgroups31-33*'C;Witespol®W25havingasaponification valueof225-240anda 

melting point of 33.5-35.5%; Witespol® E75 having a saponification value of 220-230 and a melting point of 
• W 37.-39*'C; a polyalkylene glycol such as polyethylene glycol 1 000, a linear polymer of ethylene oxide, 38-41 '^C; 

polyethylene glycol 1 500, melting at 38-41 X; polyethylene glycol monostearate 39-42.5X; 33% polyethylene 35 
glycol 1 500, 47% polyethylene glycol 6000 and 20% distilled water 39-41X; 30% polyethylene glycol 1 500, 
40% polyethylene glycol 4000 and 30% polyethylene glycol 400, 33-38''C; mixture of mono-, di-, and tri- ^ »« ? . 
glyceridesof saturated fatty acids having 11 to 17 carbon atoms, 33-35°C; and the likei The thermo-responsive 
composition Is a means for storing a beneficial agent in a solid composition at a temperature of 26-33"C,' 
40- maintaining an Immiscible boundary atthe swelling composition interface, and for dispensing the agent in a 40 

-' --^^^^•^i^r tlorildn being dispensed Into a biological environment are easily excreted, metabolized, assimilated, or the 
likefor effective use of the beneficial agent • 
Thesemipermeablewallcanbeappliedtotheexpandabjewallorpockettothelaminatedthermo- 
. ...-.^ .,.^1 5!^,46 responsive lamina-expandable lamina, by molding, forming, spraying, or dipping Into a semipermeable wall 45 

- forming material; Other and presently preferred techniques that can be used for applying the semipermeable 
wall are the air suspension procedure and the pan covered procedures. This procedure consists in suspen- 
ding and tumbling the laminate, orthe pocket member In a current of air and a semipermeable wallforming', ^ 
composition until the wall surrounds and coats the member. The procedure is repeated with a different ff' 

50 semipermeable wallforming composition to form a semipermeable laminated wall.The air suspension pro- 50 
. cedure is described in U.S. Pat. No. 2,799,241 ; J. Am, Pharm. Assoc, Vol. 48, pages 451 to 459, 1 979; and Ibid, 
82 to 84, 1 960. Other standard manufacturing procedures are described In Modem Plastics 
" Encyclopedia, Vol. 46, pages 62 to 70, 1 969; and in Pharmaceutical Sciences, by Remington, 1 4th Edition, 

pages 1 626 to 1 678, 1 970, published by Mack Publishing Co., Easton, PA. 
55 - Exemplary solventssuitableformanufacturingthesemlpermeablewalllnciudelnertlnorganlcandorganic 55 
. ■ -^^^.^^^^i^^solventsthat do not adversely harm the materials, the expandable wall, the pocket the thermo-responsive 

- '^'''^cbmpWitioh and thefinal dispenser. The solvents broadly include members selected from the group consist- 
ing of aqueous soh^ents, alcohols, ketones, esters, ethers, aliphatic hydrocarbons, halo-genated solvents, 
cycloaliphatics,aromatics, heterocyclic sol-vents and mbctu res thereof. Typical solvents Include acetoner'^|- 
60 diacetone alcohol, methanol, ethanol, isopropyl alcohol, butyl alcohol, methyl acetate, ethyl acetatei,i8b-^ - 60 

propyl acetate, n-butyl acetate, methyl isobutyl ketone, methyl propyl ketone, n-hexane, n-heptane, ethylene 
^glycol monoethyl ether, ethylene glycol monoethyl acetate, methylene dichloride, ethylene dichloride, pro- 
-^ j ^^ ^ ^j ^fa^ ^-pylene dichloride, carbon tetrachloride, nitro-ethane, nitro propane, tetrachloroethane, ethyl ether, isopropyl 
' ether, cyclohexane,cyclo-octane, benzene, toluene, naphtha, 1,4-dloxane,tetrahydrofuran,dlglyme, water, 

65 andmbcturesthereofsuchasacetoneandwater,acetoneandmethanol,8cetoneandethylalcohol,methy- 65 
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lene dichloride and methanol, and ethylene dlchloride and methanol. Generally/fbfthe present purpose the 
semipermeable wall Is applied at a temperature afew degrees less than the melting point^pf the! 
thermo-responslve composition. Or, the thermoplastic com position can be loaded into tiie dispenser'after ' 
applying the semipermeable wall. : • *^ e^ J^fr v 

i^S^fijheexpandable wall, the pocket member, or the expandable lamina can be made by conventions i therm o- 



pplymeric processes, such as spraying a mandrel; dipping a mold into a wall forming composition, 
'TXv^ vw"^ '^ < - ' blow molding, vacuum forming, compression molding, injection molding, extrusion and lamination. In one 
: r presently preferred embodiment, a poclcet or expandable molded push compartment is made according to 

.v.^v'^ the compression process illustrated in RgurelO.The process of compression molding consists In using a 
^{dl^jtipld a plunger. A mold cavity forms one surface on the molded part and the polymeric wall 

' forming composition Is charged into the mold. The mold plunger forms the other surface of the poclcet.The 
plunger compresses the polymeric composition when the mold is closed, and when the nioid is closed the 
polymericcomposltion is compressed to the shape of the final poclcetThe moldcay|ty and plunger at^J^eld 
t in thj[s position until the polymericcomposltion hardens. In Figure 10, the pbclcetor molded push TOmpait- ' 

15 Tmentisidentifi^^ 

-j^sS^J^Py^s^"®"®®'^^^^ station, b, where it is positioned underafilling hopper and filled with a 

^i^molten agent formulation. After cooling, the filled compartment is coated atcwith a semipermeable wall and 
. . ^ anorificetaserdrilledthroughthesemipermeablewall to yield a dispenser. In a similar process, the molded 

' ^' compartment a is closed at d with a closure made with a filling-discharge bore, and the closed compartment 

4.i*. ti20; fiHed atf illing station e at room temperature with a molten agent formulation. Finally, the filled compartment 
* - is coated atf with a semipermeable wall and an orifice laser drilled through the semipermeable wall in axial 

alignment with the bore to yield the dispenser. In a simitar process, the closed compartmetnt Is coated with a 
semipermeable membrane (wall) and an orifice laser-drilled through the semipermeable wall in axial align- 
ment with the bore to yield the empty dispenser identified by g. Then the dispenser is filled at room temper- 
25 aturevwththemoltenagentformulationtoyieldthefinaloperabledispenserh. ' : 

. "^j. ^ The expression orifice or passageway as used herein comprises means and methods in the semipermeable 
^^.^^^^^jj^^^g^^^^ releasing a beneficial agent formulation from the dispenser. The orifice can be formed by 

.^U.^^^^'^'aMa^^ or laser drilling, or by eroding an erodible element in the wall, such as a gelatin plug. Adetailed 

^ descriptlonof oriflcesandthepreferredmaximumahdminimumdimensionsforanorifioearedisclosedin 
. 30 United States Pat. No. 3,845,770 and 3,91 6,899. 

• ^^^^^^^JOsscfiptlohofexamp/esoftheinvantim - * ' 1 * 

' Thefollowing examples are merely illustrative of the present Invention and they should not be construed as 
limiting the scope of the invention in anyway, as these examples and other equivalents thereof will beoprne 



35 



40 



45 



5 more apparentto those skilled in the art in the light of the present disclosure, the drawings and theiio- : 
companylngclalms. ■ \ "J ^/^l^if^-^ 

^^.^..i^i^Aii^s'^^^ Example 1 ' • ^ ■ 

i^** 'A dispenser is prepared as follows: first, an expandable capsule-shaped container is formed by injection 
molding a polymericcomposltion. The container has a diameter of 12 mm and a depth of 40 mm. The wall of 
the container isformed from acomposition comprising 30% by wt of sodium chloride, and 70% by weight of 
pply(ethy!ene oxide) having a moiecularweight of 3,000,000. The wall forming ingredients are blended in a 
^'comrnercial blenderfor 20 minutes to yield a homogenous composition. The composition is pressed Into 
tablets and fed into an Injection molding machine, and the container formed by Injection molding at 145- - 
150Xandat6.5-7.0xiOkPa. * t ^ .r'^iti^r ^c^x,^^ 

Next, the container is filled with a heat-sensitive composition comprising 0.5% by weight of tfieophyljlne,- 
- 77%byweightof hydrogenatedvegetableoil,20%byweightof sorbitantrioleateand2:5%byweightof " 
beesswax. The container is filled with the heat-sensitive drug composition at^ 
.J[^..*..s»;a^^ outer semipermeable wall is applied to the filled container by coating in a Wurster air suspension coater. The 
^50^ semipermeable wall is formed from a 5% by weight, methylen chloride solution of cellulose acetate butyrate. 
The semipermeable wall is applied to a thickness of 0.4mm, andthepredlspensers dried In an oven at50°Cfor 
. , ^ ^. . 5 to 1 0 days. Final ly, a 0.75 mm orifice Is laser drilled through the semipermeable wall for dispensing the drug 
^^^^kfbrmulatlonfromthecompartmentofthedlspehser.. S , - 

55 Examp/02 ' • . ^I^. 

The container or wide mouth pocket Is prepared according to Example 1 are filled with a drug formulation 
comprising 0,20g of paracetamol, 0.02g of codeine phosphate, 0.1 5g acetylsallcylic acid and 2.0g of " ^ " 
Witepsol® h35, a glycerol ester mixture of saturated vegetable fatty acids, in which lauric acid predominates. 
.^The composition is prepared by triturating and mbcing well all the drug substances, and then adding the 
^ WItepsol carrier base at 38-40'^. The pockets are filled with the molten composition and on cooling produce a 

creamy consistency. The pockets are coated with a semipermeable wall and an orifice laser drilled as pre- 
. viously described. 
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Examples 



A dispenser having a com partmentcontafnfng a thermo-responsive heat-sensitive composition in laminar 
r^ ^^^arrangementwith an expandable composition is made as follows: a mold Is successively charged first with a 
i^«Bi^!^4^^^molten composition comprising 2.5% phenol-barbital. 20.5% gylcergelatin and 77.0% of theobroma oil', a 

giycerldeof stearic/palmiticand lauric acids, to form on cooling to room temperature the ther mo-responsive 
lamina; then the mold is charged with a mbcture of 30 parts of ethyleneglycol monomethacrylate containing 
,;.0.12 parts of ethylerteglycol dimethacrylate and 10 parts of 0.13% aqueous solution of sodium disulfateln 
aqueous ethanols. This mbcture polymerizes at 3p°C, and after 20 minutes following equilibration to room 
^?SnperaturB the solid lami^^^ ; ' \ - I'^-^'^^yi-U^ .i, . 

1 0 Next a solution of cellulose acetate in acetone, 1 5 wt%, with an acetyl content of 39.8% is prepared and the 
laminate coated by di pp ing into the solution for 1 5 times, first for a 1 0 second dip, then for j minute per ciip,%': 
. with an intervening 5 minutes drying period. Following the dippings, the dispensers are dried at'coom tenri^r" 
. perature of 72Tfo 10 days. This procedure applies a 0.7 mm semipermeable rate controlling wall around the 
i;:?^ lamj^iia^^^ A passageway is laser drilled through the semipermeable wall connecting the exterior of the dis- 

''\ Example4 , i . ^. 

■ ' , ' i ' ; A dispensing device is prepared as follows: first, a heat-sensitive eutectic mixture of 77% neutral fat having 
^'-'^- -^i^^^^^idi melting point of 35-37**C and 1 9.5% paraffin wax having a melting point of 52°C is heated and liquified. To the 
20 liquid melt is added 3.5% of acetyl salicy I salicylic acid and the mixture poured into a mold. After cooling and 
solidification 500 mg of Cyanamer® polyacrylamide, a hydrogel of approximately 200,000 mol.wt Is added to 
the mold and the layers pressed to form a thermo-responsive layer in contact with a hyd rogel layer, and tfiei: . 
contacting layer removed from the mold. - ' ' i " ri.!'"*^'"'*"'* ' 

- . Next, a semipermeable wall Is formed by blending 85g of cellu lose acetate having an acetyl content of 39.8 
- ^25''Wi^ 200 ml of methylene chloride and 200 ml of methanol, and spray coating the two layered compartment 
.,.,:;:;;^^^^^^|orrning member in ah air suspension machine until aO.25 mm thick semipermeable wall surrounds the 
' compartment. The devices are dried for two weeks and a 0.4 mm passageway Is laser drilled throughthe 
• semipermeablewall communicating withtheheat-sensitivecomposltion. 

The procedure of Example 4 is repeated with the compositions as described, exceptf or the thermo- 
responsive composition, which now comprises a polyoxyethylene ether of a partial ester of a fatty acid and a 
polyhydroxy cyclic inner ether containing drug. The polyoxyethylene ether has from .2 to 5 pxyethylene • i . 
groups and the partial esters of fatty acids contain from 14to 1 8 carbon atoms. The com pbsltfon-comaihs a 
35 drugi^'and the thermo-responsive composition melts rapidly and completely at body temperature to form a 
composttlon.f or easy dispensing from the dispenser. 

The procedures of Examples 4 and 5 are repeated for formulating a thermo-responsive composition com- 
, prising 85 mg of sorbitan monostearats hydroxypolyoxyethylene ether with 4oxyethylene groups per mol 
^havlng^a melting polntof 38X, 5 mg of sorbitan monostearate hydroxypolyoxyethylene ether with 20 oxy- 
ethytene groups per mole, 5 mg of the fatty acid ester sorbitan monorlclnoleate and 1 5 mg of sodium in- . 
domethacln. -I'^t 

^Example? ' ' r..- 

A heat-sensitive composition for use in the dispenser of Example 1 is prepared by blending with heat 30% 
^^^^^^,^,^^^^^^^^£^'1^^^ glycol 1 500, 30% polyethylene glycol 4000, 30% polyethylene glycol 400, 9% cocoa butter and 
.{1% oxyprenolol hydrochloride. The composition exhibits a melting time of 1 5 to 20 minutes at 37X. 
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i,»^<»tt»Hj^^.:|f^^.^ osmotic capsule in tlie shape of a thin-walled cylinder with a hemispherical bottom was Injected, mol- 
^ •'^ • jjg^j yyl^l^ Q composition consisting essentially of 65% sodium chloride, 20% Polyox®, a poly-(oxyethylene) 
polymer having a molecular weight of about 200,000, and 1 5% polyethylene glycol 200,000. The Injection 



.5 cpnditTonsunderwhichthecapsulewasmoidedvvereasfollows: 



nozzle temperature 
zonel 
zone2 
to zones 

V ^TcWhQttlptemperature 
. ... cavity temperature 
'^^*''^^^<^^':^J:-^*^^ c6re pin temperature 
. ' ~ ' ^.J''^^-' '., ] stopper p late temperature 
• . ^]--^ '^y. .15 lamp time ^ ' 
A .-^..^iij^^M- vinjectiontime , ; . • 
- '- "W^?5#^'Mn]ection speed 

injection pressure 
backpressure 
20 cycle time 



180 ±20"C 
off 

230 ±2B^ 
220 ±2TC 
180 ±25X 
18 ±3"C 
8.±3°C - 

8 ±3t: 

13,5±2sec : : 
13±0.5sec. 
5 ±1 
84 ±7kg/cm2 
42 ±7kg/cm2 
20 sec 



. Inside and outside diameter and Inside and outside length were 1 .1 7 cm and 1 .33 cm, and 3.70 cm and 3.85 

''^'^1;f^%^''^^''^^^ ^-^The osmotic capsule was filled with 2.88 g of H-1 5 Witespol glycerol ester of a saturated vegetable fatty 
' 25 acIdcontalnlng0.1%ollreddyo.Theprefllledosmotlccap8uleswerecoatedinapancoater,(Accela-Cota) 
",-•1 ■■ .... wlthcelluloseacetatebutyratelnasolventcon8lstlngofmethylenechlorlde:ethanol,(95.5),untllaseml- 
^>4j^^^^>^ %M permeable membrane of 0.5 mm thickness was applied unlfonmly thereto. The systems were dried at 55**C for 
v-r.^^^^^f^r-ryyj^^ exitportwasdrllledto 1 mm diameter. The systems were tested for their release rate. Inthe 
accompanying Figures, Rgure 1 1 depicts the rate of release of thermosensitive composition in mg/hr/day 
30 from the system. Rgure 12 depicts thecumulativeamountofthermo-sensitivecomposltionreleasedex-^* 
pressed as percent total delivered from the system. The circles Indicate releasefrom the system Irt avertlcal 
position, and the squares Indicate release from the system positioned In a horizontal position. • 
.,^^^An embodiment of the Invention pertains to a method for administering a beneficial drug atacontrolled 
„.-,^,-fl<&^^ni!sis>>. rateto the vaginal passageway or to the ano-rectal passageway of a warm-blooded animal, which method 
;'*r^^' 35' comprises the steps of: (A) admitting Into the passageway a dispenser comprising; (l)an inside wall formed 
of aswellable, expandable polymericcomposltlonthatsurroundsandformsan Internal compartment; (2)a 
^. -r^ mouthintheinsidewa!l;(3)abeneflcialdrugformulationlnthecompartmentcomprrsingadosageunit 
rs-^^;j^*vr}gtiij^^ for performing a therapeutic program and a heat-sensitive carrier melts or dissolves at body 

• " ' '"^^^^^ and Is a means for transporting the drug from the dispenser; (4) an outer wall surrounding the 

40 pocket and the mouth, the outerwall formed of a semipermeable polymeric composition permeable to fluid 
and Impermeable to drug; and, (5) an orifice through the outerwall and communicating through the mouth 
with the internal compartment; (B) imbibing fluidthroughthesemlpermeable wall by thelnsldewall at arate 
. , determined bythepermeabiiityofthesemtpermeablewall and the osmotic pressure gradient across the 
.cp:-^semipermeablewali causing the inside wall to swell and expand; (C) melting the drug formulation inthe 

«i»i;i£^^45' comparts ^ fiowabie formulation; and (D) delivering the beneficial drug formulation frorn the 

compartment by the inside wall swelling and expanding againstthe melted formulation causing theformuia- 
tion to be dispensed in a therapeutically effective amount through the orifice at a controlled rate to the pas- 
sageway to produce the desired medical effect over a prolonged period of 1 hour to months, preferrably 1 
: hour to 24 hours. ' . » - . ♦ .i- ? ^ ... ... 

Inasmuch as thef oregoing specification comprises preferred embodiments of the Invention, it is under- 
stood that variations and modifications may be made herein in accordance with the inventh^e principles 



50 



disclosed, without departing from the scope of the Invention. 



^ . CLAIMS 

— A dispenser for delivering at a controlled rate a heat sensitive beneficial agentformulation to ah en- 
^•^ '**'*vironmentof use^thedlspensercomprislng: . 
- a)anInsldewallsurroundingandformlnganlntemalcompartmentforcontalnlngthebeneficlalagent 
" ■ ■ ^ . formulation with a port in the wall for filling and dispensing agent formulation fronfi the compartment, the 
•CS^^eO iWallformedof acomposltion that Is a means for absorbing fluid, swelling and expanding Into thecompart- 
ment; 

b) an outside wall surrounding the Inside wall, the outside wail formed of a composition that is perrneable 
tothepassageoffiuldand8ubst8ntiallyimpermeabtetothepassageofagent;and, ' *r ' 

c) a passageway in the outside wait communicating with the port for dispensing a beneficial agentformula- 
65 tion from the dispenser. 
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2. Thedlspenserfordeliverlngatacontrolledrateaheat-sensmvebeneflclalagentfo^ 

^ 3. ** The dispenserf or delivering at a controlled rate a heat-sensitfve beneficial agent formulation 
5 to claim 1 , wherein the inside wall Isf ormed of a composition comprising a hydrogel polymer and an osr^. 5 
motlcally effective solute. ' ^^^--^gvjil^^:?^^ 

4. -iivThe dispenser for delivering at a controlled rate a heat-sensitive beneficial agentformulatlon acc^ 
_^;,tb claUii 1 , wherein the inside wall Isf ormed of a composition comprising a hydrogel pqiymerthat swelisand 
...v^..^vji.ii!^Sfe>:expandsinthepre^ . , - 

-"--^^'^'^f^^f^^Q^' 5; '* The dispenserfor delivering at a controlled rate a heat-sensltlve beneficial agentformuiation according io 
' toclaim1,whereinaclosurelsIntheportlnthewallandaborelsintheclo8ure. 

7 - 6. .Thedlspenserfordellveringatacontrolledrateaheat-sensitlvebeneficlalagentformulationaccordi^ 
' •^^^i^ii&'^^Wcialm^l^ Is formed of a memberselected from the group consisting of cellulose 

' ^^^^^^^^teffbelluiose dlester, cellulose ether, cellulose ester ether, cellulose acylate, cellulose diacylate, cellulose 

15 triacylate,cellulose acetate, cellulose diacetate, cellulose triacetate, and cellulose acetate butyrate. 15 
7. The dispenserfor delivering at a controlled rate a heat-sensltlve beneficial agentformuiation accordlpg 
to claim 1 , wherein the outside wall is formed of a hydrophllic composition that swel Is and expands In the ; " 
* presenceofaqueousfluids Imbibed into thedlspenser. 

JlThe dispenserfor derivering at a controlled rate a heat-sensitive beneficial agentformuiation according 
_^«*ft«^ifi^20«t6claTm 1, wherein thelnsldewallisformed of polyeth^^ 20 
^ -.--^^^iiws*;**^ -.tt:. > dispenserfor delivering at a controlled rate a heat-sensitive beneficial agentformuiation according 
- " to claim 1 , wherein tine inside wall is formed of polyethylene oxide, polyetiiylene glycol and an osmoticaily 

^;^j^Qreln the compartment contains a heat-sensithre composition comprising a glycerol esterof 25 
saturated fatty acids. ' ' , j '* • - 

11. A dispenserfor delivering a beneficial agent at a controlled rate to a fluid biological environment^^^^ 
usehavingatemperaturegreaterthan33°C,thedispensercomprismg: . , J^'^'V^^f \f ^ 

a)awallformedof asemlpermeablepolymericcompositionthatsunroundsanddefines: « 

from a solid composltlonto a dispensable composltionin 

--•^^^^^^i^^sponseto the temperature of the biolo^ 

incontactingan^ngementwithasecondmeanslnthecompartmentfbrimbibingfiuidthroughtiiesemi- 



- i - permeablewall andfor expanding in thecompartment; and, 
^^^^«k^dJ a passageway in the wall connecting the exterior of the dispenser with the first means. 35 
^j^^ dispenserfor delh/ering a beneficial agent at a controlled rate to a Islologlcal environment accord- 
ing to claim 11, wherein saidflrst means is a lamina. ; ' « - ; 

13. Thedispenserfordellveringabeneficialagentatacontrolledratetoablologlcalen^^^^ 
ing to claim 11, wherein said second means is a lamina. ' • ^' > , i |. . . ^ 

40 . Mr The dispenserfor delivering a beneficial agent at a controlled rate to a biological environment accord- 40 
. . *^^lnQtoclaim11,wherelnsaidsolldcompos'rt^^ ^, . , i , * * ^ 

. .--a^LMais?!:*^ ^5 dispenserfor delivering a beneficial agent at a controlled rate to a biological environment accord- 

AS. r^TeTThedlspenserfordeliveringabeneflclaiagentatacontrolI^ 45 

enwronmenL ^^^^^^ delivering a beneficial agent at a controlled rate to a fluid environment having a; ; . 
temperaturecorrespondingtothetemperatureofawarm-bloodedanimal,thedispensercomprising:^ 
so a) a wall formed of a semipermeable polymer composition that defines a closed tube haying an internal 50 

lumen'* * " * '* ^ • . • ^-'t*. un. 

. ^*j:f^"Sa"first means p 

•-•^-^^^^S^^disDensable composition In response to the temperature of the environment, said means containing a beneff- 

55 wall and expanding againsttheflrst means; and, : • * \,iu . ^ 

" c)apassagewaylnthewallcommunlcatlngwlththeexterloroftiiedlspenserandthefirstmeans. 
)«f18.ft The dispenserfor delivering a benficlal agent at a controlled rate to a fluid environ 
claim 17, wherein the second means is positioned between tiieflrstmeans and the inside surface of the >vall. 

19. The dispenserfor delivering a beneficial agent at a controlled rateto afluid environment according to 
fin claim 17, wherein ttiepassagewayisinthewallattheclosedendoftiietube. i ^- ©0 

20. The dispenserfor delivering a beneficial agent at a controlled rate to a fluid environment according to 
-claim 17, wherein the nondispensable composition is a semisolid. ^ : ^ -ji 

21. -" The dispenserfor delivering a beneficial agent at a controlled rate to a fluid environment according to 
S!^claim 17, wherein tiienondispensablecompositiqnisasolld. ^ , . ^, * 
66 22. The dispenserfor delivering a beneficial agent at a controlled rate to a fluid environment according to 65 
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; .ir^w^^'i i claim 1 7, wherein the nondlspensable composition does not flow at a temperature less than 3yc. 

a) a tubular shaped body closed at its end and formed of a polymeric composition permeable to ^ 
sage of an external fluid and substantially Impermeable to the passage of a beheflclaj agenti; Z:^^^^ 
6 b)alumeninthebody; : * - '] 

: c) a first layer In the lumen, the first layer a composition comprising a beneficial agent and a carrier forthe 

-^.vijf?^^*^9eht;,. .7 j» » . • ■*'"* ■-.'•^ 

second layer in the lumen In contacting relation with the first layer, the second layer a hydrogel that 

- ' 10 e)apassageinthebodyconnectingtheexteriorofthedeyicewiththeflrstlayer. 
r ^ >' 24. The beneficial agent delivery device acqbrding to claim 23, wherein the carrier 

^<<f^^?:K^j^2BJ^ The beneficial agent delivery device according to claim 23, wherein the carrier is a memberselected 
* fromthegroupconsistingessentiallyofanontoxicmonbglyceride,diglyceride,andtriglyc^ . 

IS 26 The beneficial agent delivery device according to claim 23, where! n the carrier is a noritosdc hydjCDr^r 
phlllchavlngamolecularweightgreaterthanlOOO. . "^f ^^^^^^^^^^ 

27. The beneficial agent delivery device according to claim 23, wherein the carrier is a nontoxic eutectic 

. . i^-^-^ ^romposltloncomprlsI^^ , - , . 

- 28. The beneficial agent delivery device according to claim 23, wherein the carrier is a nontoxic glycende 

''^'^*''S^^^-^2Q^oi a fatty acid having from 8 to 22 carbon atoms. "* 

29. Thebeneficialagentdeliverydeviceaccordingtoclalm23,whereinthecarrierisanontoxiccomposi- 
* tioncomprislngamixtureofatleasttwopolyethyleneglycolswithoneofsaldpolyethyleneglycolh 

' * * ' 30. Adispenserfordeliveringatacontrolledrateaheatsensitivebeneficialagentformulationtoan 
25 environmentofuse,thedispensercomprising: ; , ''^ .^V ' ' 

a) an inside wall surrounding and forming an internal compartment for containing the beneficial agent ^ 
forniuiationwithaportinthewallforfillingand dispensing agentformulationfromthecompartmiBnt 
- - wallfonnedof a compositionthatlsa meansforabsorbingfiuid,swellIng and expanding Into the com part- 

an outside wall surrounding the Inside wall, the outside wall formed of a composition that Is permeable 
to the passage of fluid and substantially impermeable to the passage of agent, and is a composition compris- 
ing a member selected from the group consisting of polysulfone, polyacrylate, polymethacrylate, poly- 
z methylmethacrylate,andpolyurethane;and, - • ' x- - . x • 

c) a passageway in the outside wall communica^^ 
35 tlon from the dispenser. * • i ' " ; ' 

31 . A dispenser for delivering a heat sensitive beneficial agent formulation to an environment of use 
substantially as hereinbefore set forth, and with reference to and/or as illustrated in the o^ompanA^n -^^ 
" drawings. 
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